Purpose Health-related quality of life (HRQoL) is an important, patient-centred measure. Although nutritional status is altered in children with CKD, the impact of nutritional status on HRQoL in this population has not been explored. The aims of this study are to report the HRQoL scores as assessed by the validated PedsQL™ questionnaire and to explore the relationship of HRQoL scores to markers of nutritional status. It will also examine the concordance between the scores of the child and their parent/carer. Methods A single-centre, cross-sectional, observational study was performed exploring the markers of nutritional status (anthropometry-including presence of obesity, micronutrient status and appetite) and HRQoL and assessed by the PedsQL™ questionnaire in children aged 3-18 years with pre-dialysis, conservatively managed CKD. Results A total of 46 children were recruited, with a mean age of 10.5 years. HRQoL scores were lower than in healthy controls throughout all domains. Lower scores were associated with short stature and poor appetite. Markers of obesity or micronutrient status were not associated with HRQoL scores. Discussion Nutritional status impacts upon HRQoL. Further study is needed to evaluate how changing nutritional status may affect HRQoL in children with CKD, and this may be used to facilitate the development of patient-centred treatment goals and plans.
Background
Chronic kidney disease (CKD) is an increasing problem in the UK and worldwide [1] . The disease and its management can have significant impacts upon the individual and their family, being associated with increased mortality and morbidity, and in children impaired growth [2] .
Health-related quality of life (HRQoL) is an individual's subjective perception of the impact of health status, including disease and treatment, on physical, psychological and social functioning [3] . Children with CKD, even those with disease on the milder end of the spectrum, have poorer HRQoL [4] [5] [6] [7] . The physical and psychological impact of both the disease process itself and its management make CKD a particularly challenging condition with pervasive symptoms of nausea and lethargy, multiple clinic attendances and investigations, strict dietary modification, multiple medications (and their frequent adjustments), changes in physical health due to complications of CKD and Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1113 6-019-02104 -0) contains supplementary material, which is available to authorized users.
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psychological problems such as altered body-image, anxiety and depression.
HRQoL is not only determined by disease severity. In children with CKD, Gerson et al found that renal function did not correlate with HRQoL [5] . Factors other than the disease itself contribute to HRQoL in those children with disease [8] , and the authors hypothesise that nutritional status impacts HRQoL. If such an association exists, then HRQoL assessment may off a measure of how nutritional status impacts the child in a holistic, patient-centred way.
Malnutrition is common in CKD [9] and is associated with poorer outcomes [10] . It has been traditionally defined as poor nutritional status resulting from inadequate intake, but in CKD malnutrition is multifactorial in origin, with suppressed appetite, catabolism and chronic inflammation, altered dietary intake from dietetic therapy and nutrient losses through dialysis all contributing. In addition to under-nutrition, over-nutrition and obesity are becoming increasingly prevalent in CKD populations across the UK and Europe [11] and more prevalent than canonical malnutrition state of low anthropometric scores and lean tissue loss in both the conservatively managed [12] and dialysis/ post-transplant populations [11] . Obesity has been reported to be an independent risk factor for development of renal damage and end-stage renal failure [13, 14] .
In cohorts of children with other disease states, poor nutritional status [15] and obesity [16] have been associated with poorer HRQoL, but this has not been explored in paediatric CKD. Micronutrient status has been associated with HRQoL [17] , including selenium [18] with supplementation of selenium demonstrating improved scores [19] [20] [21] , although there are contradictory findings [22] .
Despite the recognition that HRQoL is important, there are limited data in this disease group with existing literature focusing upon end-stage disease and those following renal transplantation. Of the studies that examine CKD stages 2-4 in the paediatric population [5, 6, [23] [24] [25] [26] , only one [25] examines nutritional status (evaluating the effect of short stature). There is therefore, a need to examine the effect of nutritional status, including obesity on HRQoL, and any association of HRQoL on future nutritional status.
Describing the subjective assessment of HRQoL of both the child and their caregiver is important as healthcare providers' focus is that of the child, but some children may be unable to describe their experiences, and caregivers make choices (including medical) dependent upon their assessment of the child's HRQoL. Discordance between selfreported and parent-proxy HRQoL scores has been reported previously in those with dialysis and post-renal transplantation [27] [28] [29] , but not assessed in those with less severe disease.
The aims of this study are to report the HRQoL scores as assessed by the validated PedsQL™ questionnaire and to explore the relationship of HRQoL scores to markers of nutritional status. It will also examine concordance between the scores of the child and their parent/carer.
Methods
A cross-sectional, observational study was performed to determine the HRQoL of a cohort of children with pre-dialysis, conservatively managed CKD and its relationship to markers of nutritional status.
Participants
Children aged between 3 and 18 years with conservatively managed CKD (stages 2-5 as defined by Kidney Disease: Improving Global Outcomes (KDIGO) [30] [Pre-end-stage disease-glomerular filtration rate between 15 and 90 ml/ min/1.73 m 2 ], not receiving dialysis and never received a renal transplant) under care of the paediatric nephrology team at Southampton Children's Hospital were identified using electronic notes, approached via a letter of invitation and subsequently assessed at routine clinic appointments. Both the child and a parent/caregiver were requested to independently complete the respective questionnaire.
Measures
Basic clinical and anthropometric data were collected, including height, weight, waist circumference, mid-upper arm circumference (MUAC) and standard deviation score (SDS), body mass index (BMI) and waist circumferenceto-height ratio (WHtR). Appetite was assessed by a simple Likert scale by the child: Very poor-1, Poor-2, Good-3, Very good-4. Definitions of obesity were BMI SDS > 2; MUAC SDS > 2 or > 25 cm [31] and a WHtR > 0.5 [32] . Short stature was defined as a height SDS < − 2. Blood for analysis of markers of the micronutrients copper, selenium, zinc and manganese were collected and analysed through clinical pathology.
Further anthropometric and clinical data were collected via the electronic clinical record at 6 months and 12 months subsequent to initial assessment, and change in weight SDS, BMI SDS, height SDS and estimated glomerular filtration rate (eGFR) calculated.
The HRQoL was assessed using the PedsQL™ tool [33] . This is a series of questions posed to the child and the parent/caregiver that assess physical, emotional, social and schooling aspects of the child's life.
The PedsQL™ tool was developed to measure HRQoL in children and has been validated for a number of chronic health conditions [34] [35] [36] . It was highlighted in a systematic review of tools to assess HRQoL as one of the more thoroughly developed measures and has been validated for a wide age range of children [37] . Although originally developed and validated for a USA population, it has been validated for a UK population of both healthy children and those with chronic conditions (asthma, diabetes and inflammatory bowel disease) [38] .
The PedsQL™ [33] comprises two questionnaires: one for the child and one for a parent/caregiver. They ask a series of questions that assesses four domains: physical, emotional, social and schooling aspects of the child's life. It is scored as individual domains and as a total score (all four domains), and is expressed as a percentage of maximum score. The tool is available in age-appropriate versions: toddler (2-4 years), young child (5-7 years), older child (8-12 years) and teenager (13-18 years). There is no child (self-rater) questionnaire for those aged 2-4 years.
As a marker of deprivation, Income Deprivation Affecting Children Index (IDACI) scores were calculated using participants' postcodes. United Kingdom Department of Communities and Local Government data (2015) via the online platform provide a selection of official statistics and data outputs on a variety of themes related to the department of Communities and Local Government (http://opend ataco mmuni ties.org).
Statistical analysis
Data were analysed using SPSS version 20 for Windows (SPSS Inc., Chicago, Illinois, United States of America). Statistical significance was defined a p value of less than 0.05. Descriptive statistical analysis was performed, including distribution of gender and age group (as defined by the PedsQL™ questionnaire).
Independent t-tests were performed to compare: the total questionnaire scores with both healthy control data from Varni et al's cohort [33] . Concordance between self-reported and parent-proxy questionnaire scores was compared using a paired t-test.
Correlation was explored between HRQoL scores and markers of nutritional status by examination of scatter-plot, and if appropriate, calculation of correlation coefficient values (Spearman's rho). Internal consistency between the domains of the questionnaires was tested using Cronbach's alpha.
Ethical approval
The study was approved by a Health Research Authority South East-Surrey Research Ethics Committee (REC Reference: 16/LO/0041). Informed consent was obtained from parents/carers with parental responsibility. Informed assent was additionally obtained from those children/young people as participants in the study if age appropriate.
Results
A total of 46 children with pre-dialysis, conservatively managed CKD were recruited with additional seven families refusing to take part in the study. These seven families did not represent a particular sub-group (a mix of degree of renal impairment levels, age and gender). The cohort had a mean age of 10.50 ± 4.19 years. Eighteen (39.1%) were female. The demographic and anthropometric details of the cohort are given in Table 1 . There were no significant differences between boys and girls; including age, time since diagnosis, eGFR, height SDS, weight SDS, BMI SDS, WHtR and appetite.
Anthropometry
Mean values (with standard deviations) of height SDS, weight SDS and BMI SDS for the cohort were − 1.03 (± 1.51), -0.43 (± 1.81) and 0.32 (± 1.41), respectively. The majority of children were within normal growth limits (± 2SD). A greater number of children were obese as defined by WHtR than by Wt SDS or BMI SDS definitions. Eight children (17.4%) had weight SDS < − 2 (malnourished by ICD-10 definition), three children (6.5%) had weight SDS > 2. One child (2.2%) was underweight for height (BMI SDS < − 2), six children (13.0%) were overweight for height (BMI SDS > 2). Twelve children (26.1%) were shortfor-age (height SDS < − 2), one child (2.2%) was tall-forage (height SDS > 2). Twenty children (43.5%) had a waist circumference-to-height ratio greater than 0.5. 
HRQoL scores
All participants enrolled in the study fully completed the appropriate questionnaires. HRQoL scores are presented in Table 2 . HRQoL scores were lower in all domains for both the self-rated and parent-proxy components of the PedsQL™ tool than healthy control populations (Varni et al). There was good concordance between the self-rater and parent-proxy scores (t test: n = 38, t(37) = 0.281, p = 0.780). Details of sub-group analysis for different ages and PedsQL™ domains are available in the supplementary material. There was a high level of internal consistency between domains of the questionnaires with a Cronbach's alpha of 0.810 (child selfrater) and 0.811 (parent-proxy).
HRQoL and renal function
Although 
HRQoL and anthropometry (markers of growth and obesity)
Those who were stunted (Height SDS < − 2) had lower HRQoL scores than those who were not for both the child (t(15.0394) = − 3.4356; p = 0.0037) and parent questionnaires (t(22.87220) = − 4.10670; p = 0.0004). Those with obesity (as defined by BMI SDS, MUAC and waist circumference-to-height ratio) did not demonstrate different scores from non-obese patients. Children whose appetite was described as either "good" or "very good" had better scores than those with appetites described as "poor" or "very poor" (child-t(36) = 2.851; p = 0.007 and parent-t(44) = 2.910; p = 0.006).
HRQoL and micronutrient status
Correlations were explored between the plasma levels of copper, selenium, zinc and whole blood manganese. None of these measures correlated with HRQoL scores with p values between 0.061 and 0.731 (analysis available as Supplementary Material).
Multiple linear regression analysis
Variables that demonstrated correlation were used to perform multiple linear regression analysis.
Child (self-rater) HRQoL
On multiple linear regression for correlated variables (eGFR and Ht SDS), these two variables statistically significantly predicted child self-assessed HRQoL F(2,35) = 12.436, p < 0.0005, R 2 = 0.415. Both Ht SDS and eGFR added statistically and significantly to the prediction of child-assessed HRQoL (Ht SDS p < 0.0005, eGFR p = 0.008).
Parent-proxy HRQoL
On multiple linear regression for positively correlated variables (Ht SDS and IDACI), these two variables statistically significantly predicted parent-proxy HRQoL F(2,42) = 11.695, p < 0.0005, R 2 = 0.358. Both Ht SDS and IDACI added statistically significantly to the prediction 
Discussion
These are the first data of HRQoL as assessed by the PedsQL™ 4.0 in children with pre-dialysis, conservatively managed CKD within the UK, and they explore the association of nutritional status with HRQoL. The aim of this study was to report PedsQL™ scores in a UK population of predialysis, conservatively managed CKD and explore the association of nutritional status on them. We hypothesised that disease severity, obesity and short stature would demonstrate association, but of the nutritional status measures evaluated, poor appetite and short stature demonstrated a strong association with lower HRQoL scores. These data show that HRQoL was significantly lower in this population of pre-dialysis conservatively managed CKD children than healthy control data, with mean score differences greater than the minimal clinically important difference (MCID) score of 4.4 (child self-assessed questionnaire) and 4.5 (parent-proxy questionnaire) [33] . Existing literature is limited and has focused on those with the most severe disease-those with end-stage disease (eGFR < 15 ml/ min/1,73 m 2 , in receipt of including dialysis, or who have undergone renal transplantation). On the whole, these report that HRQoL is lower in children with CKD compared to healthy children, but with some conflicting results [6, 23-25, 28, 39-46] . Such conflict may be explained by the heterogeneity of the tools used, but other factors may also be contributory.
There was no difference in scores according to age or gender in this cohort, although previous studies have shown lower scores in older children/young people [46] and in girls [45, 46] . Time since diagnosis did not correlate with HRQoL scores. This may be explained by the heterogeneity of the cohort, with a potential mix of those whose HRQoL worsens with time, and those that have altered "new normal"-a phenomenon described as "response shift" [47] .
HRQoL concordance between child (self-rater) and parent-proxy scores
There was significant correlation between child (self-rater) and parent-proxy scores, with no significant differences either in total scores or individual domains within any age groups. Discordance between self-reported and parentproxy scores has been reported previously in those with dialysis and post-renal transplantation [27] [28] [29] with other literature showing greater psychosocial score discordance in those approaching adulthood [25, 48] . A degree of disagreement is not surprising as the child's perception of quality of life will be different, at least in part due to parental expectations for their child based on their own life experiences; experiences that the child would not necessarily draw comparison with. This potential lack of comparison on the child's part is one reason why HRQoL should be assessed by children and parents/caregivers in order not to over-score those that 'don't know any difference'. Previous studies that suggest that discordance between self-reported and parent-proxy questionnaires increases as the child's age increases [25] . This is true not only for teenagers approaching adulthood, but demonstrated by Razzcuk et al, also or younger children [49] . The reason for these data not reflecting differences may be because of the relatively small numbers within the cohort, although the difference between child (self-rater) and parent-proxy scores were close to statistical significance in the emotional domain (p = 0.054).
HRQoL and disease severity
Child (self-rater) HRQoL scores correlated with eGFR, but parent-proxy score did not, and no correlation was found between scores and degree of proteinuria. As the renal impairment would have greatest impact upon the individual, then other modifying factors on the caregiver may explain the lack of correlation observed in the parent-proxy scores. As proteinuria may be modified through medical intervention (such as the use of angiotensin IIconverting enzyme inhibitors), proteinuria is not a complete marker of disease severity.
Although eGFR did correlate with child (self-rater) HRQoL scores in our cohort, Gerson et al found that eGFR did not correlate with HRQoL [5] . A lack of correlation may be explained by the fact that eGFR is not a true reflection of disease severity as it is too simplistic a marker. Furthermore, it does not take into consideration co-morbidities, social factors or other contributors to HRQoL.
HRQoL and growth
As previously reported in other disease groups [25] , stunted children reported lower HRQoL scores than their non-stunted counterparts, and it was the strongest influence on multiple regression analysis. The reasons for this may be twofold. Firstly, linear growth is a summation of events, is affected by myriad factors and is a proxy measure for everything detrimental that has happened to the child. Secondly, short stature may have psychological impact on the child, as both a visual reflection of a child's self-perceived health, and a noticeable difference between themselves and their peers.
HRQoL and obesity
Despite previous reports from other cohorts of children [50] , these data do not demonstrate a lower HRQoL in those with markers of obesity (BMI SDS, waist circumferenceto-height ratio). The reason for this may be a shift of the perceived normal body shape and "accepted" adiposity in children. Rates of obesity in the UK population are now 14% of children aged 2-15 years (BMI > 95th percentile) [51] , and compare similarly to the percentage of those obese in this cohort (BMI > 2 SDS). Therefore, despite children being obese, if their day-to-day functioning is not negatively impacted by this, then such children do not stand out from their peers, and so are perceived as "normal", or even healthy-both obese children and their parents' ability to recognise themselves as too heavy is only 26% and ≤ 48%, respectively [51] .
HRQoL and appetite
HRQoL scores were significantly higher in those with good appetite versus poor appetite. As appetite is a complex function of many factors in which general health and well-being impact upon, this is not surprising. In addition, eating is an important social setting-on which much of family life is structured around. Alteration of feeding habits, including through eating less and a focus of the medicalisation of the normal social activity (advice to eat certain foods, avoid certain foods and to encourage oral intake in order to increase calorie intake, for example), may have an impact on how they view themselves compared to others, and hence their perceived HRQoL.
HRQoL and micronutrient status
Biomarkers of micronutrient status did not correlate with HRQoL scores. These measurements are prone to many factors, and have a high degree of buffering within the normal range; it is only at the extremes of nutrition that these values become abnormal. In addition, levels may be affected by other factors such as underlying inflammatory state.
Limitations of study
There are several limitations to this study. Firstly, the cohort although larger than other reported cohorts is only 46 children. Additionally, the study only measured HRQoL at a single time-point meaning that we were unable to examine for changing scores with time (including during changes in nutritional status and treatment). Nutritional status is a complex, multi-faceted concept and this study only examined a selection of variables. Each of these measures has its own limitations (for example, BMI not truly reflecting body composition). Not all variables that may have an impact on HRQoL, such as markers of resilience and patient efficacy, were explored.
Future directions
Further exploration of factors that could be influencing HRQoL, especially those that are modifiable, is needed with the aim to improve the HRQoL of our patients. It is not unreasonable to predict that the nutritional changes, including dietary restriction found in CKD and changes of body composition, may have a detrimental effect upon HRQoL. Therefore, further studies analysing the impact would be valuable in order to optimise management strategies to improve HRQoL. A larger multi-centre cohort would allow for exploration of different aetiologies and the effect this may have on HRQoL in addition to minimising type 2 errors. Longitudinal studies of HRQoL in this disease group are also needed. Although there are cross-sectional data comparing treatment modalities, it would be useful to know how an individual's HRQoL changes with time, with the changing disease severity, changing treatment modality, changing nutritional status, transitioning from paediatric to adult services. This would facilitate the exploration of the ways of different management strategies, including nutritional intervention influence HRQoL.
Concluding remarks
HRQoL is lower in pre-dialysis, conservatively managed paediatric CKD patients than healthy control data. Examination of multiple nutritional variables revealed that nutritional status is associated with HRQoL. Other significant variables were eGFR for child (self-rater) scores and level of deprivation for parent-proxy scores.
HRQoL is a measure of an overall status, and the perception of an individual's own health status is an important factor that healthcare providers should be aiming to improve. As healthcare services become more patient-centred, the measures by which they are evaluated must include patientcentred measures and by assessing HRQoL using a formalised tool, healthcare processes can be evaluated. HRQoL tools also have the potential to be used as screening tools or to identify areas to be explored during outpatient consultation for a more holistic consultation. For these reasons, HRQoL assessment should be considered for introduction into routine clinical care for ongoing holistic care of children with chronic illnesses, including CKD, and to facilitate the acquisition of longitudinal data regarding the impact of changes in nutritional status and therapy.
